1. Introduction {#sec0005}
===============

Pulmonary embolism (PE) is a great masquerader with myriad manifestations resulting in significant morbidity and mortality. Progressive dyspnea, pleuritic chest pain and hemoptysis are the cardinal symptoms of PE.[@bib0005] The risk factors for PE include advanced age, deep vein thrombosis (DVT), trauma, immobilization, surgery, obesity, underlying malignancy, pregnancy, estrogenic drugs, hereditary thrombophilic disorders like Protein C and S, anti-thrombin-III deficiency, anti-phospholipid antibody syndrome and factor-V Leiden mutation.[@bib0010] Prolonged stay at a high altitude area (HAA) is a less known risk factor for PE.[@bib0015] Unusual environmental conditions like extreme cold, hypoxia, prolonged immobility, polycythemia and dehydration contribute to the hypercoagulable state in the HAA.[@bib0020] Previous researchers have studied the profile of PE with DVT, HAA induced DVT and portal system thrombosis.[@bib0025], [@bib0030], [@bib0035] Extensive literature search did not reveal any published paper about the HAA induced PE from our country. Hence, we conducted this study to evaluate the profile of PE and the underlying risk factors in soldiers serving at HAA.

2. Methods {#sec0010}
==========

This retrospective review of the case records was done at our hospital, which is the designated center to receive the casualties from the HAA located in various parts of North India. The service personnel are deployed at HAA (10,000 to 22,000 feet altitude) for about four to six months continuously prior to a turnover to a plain location. We included all patients with a diagnosis of PE presented to our hospital between March 2011 and Aug 2014. We excluded patients with a known history of medical illness, procoagulant disorder and the presence of any pre-existing condition that may increase the risk of DVT. Routine hematological and biochemical parameters including lipid panel and homocysteine were evaluated in the patients. The coagulation profile includes platelet count, prothrombin time (PT), and partial thromboplastin time activated with Kaolin (PTTK).

The diagnosis of PE was established using the D-dimer assay, echocardiography and pulmonary CT angiography. A thrombus blocking the main or the branches of the main pulmonary artery is considered diagnostic of the PE as shown in [Fig. 1](#fig0005){ref-type="fig"}. Doppler examination of the venous system of all four limbs was performed for the presence of DVT. The tests for procoagulant condition were performed at presentation and after six months that include the estimation of proteins C and S, antithrombin-III, anticardiolipin antibody (ACLA), rheumatoid factor (RF), antinuclear antibody (ANA), antibodies to hepatitis B, C and syphilis. The blood samples for the procoagulant condition were collected at our hospital (located at sea level) in container prefilled with citrate as an anticoagulant and analyzed immediately. The first sample was used for the estimation of the antibodies and not used for the estimation of the coagulation factors. All the patients were treated with subcutaneous low molecular weight heparin overlapped with oral anticoagulant (OAC) drugs. Thrombolytic therapy was given using the Alteplase bolus followed by infusion as per the standard protocol.[@bib0040] The dose of OAC was adjusted periodically to maintain the INR between 2 and 3. After six months of therapy, OAC drugs were stopped for 8 weeks and a second blood sample was collected for the estimation of the coagulation factors. D-dimer estimation was done qualitatively and all other coagulation parameters were estimated quantitatively. The OAC drugs were restarted in the patients diagnosed with a procoagulant condition. The final diagnosis of a procoagulant disorder was based on the combined assessment of all the tests done at the onset and after six months of therapy. The institutional ethics committee approved the study protocol for the data analysis. Individual consent from the patient was not obtained as the study involves only review of the records and the protocol was approved by the institutional ethical committee. We used the descriptive statistics (mean, standard deviation, range and percentage) for the analysis of the study data.Fig. 1CT angiography image showing PE in left pulmonary artery.Fig. 1

3. Results {#sec0015}
==========

The patients (53 males) of PE had a mean age of 33 ± 4.2 year and were staying at a mean altitude of 12176 ± 448 feet. PE was reported in patients serving at a minimum altitude of 10,000 feet and a maximum altitude of 20,500 feet. At the time of diagnosis, majority of the patients were working at an altitude ranging between 11,000 and 15,000 feet. The majority (49/53) of the patients were non-smokers and low landers (51/53). The clinical features of the patients have been summarized in the [Table 1](#tbl0005){ref-type="table"}. Briefly, dyspnea and palpitation were the commonest symptoms, whereas tachycardia and tachypnea were the most common findings. D-dimer was positive in 51 (96.2%) cases, whereas non-specific T inversion was seen in 54.7% of the patients. Pleural effusion was present in 18 (33.9%) and prominent pulmonary artery in 14 (26%) patients. DVT of lower limb veins was seen in two patients. Thrombolytic therapy was used in two cases only, who reported in the window period. None of our patients had a fatal outcome during the study observation period. The results of the biochemical and procoagulant work up are shown in [Table 2](#tbl0010){ref-type="table"} and [Fig. 2](#fig0010){ref-type="fig"} respectively. In brief, majority of the patients had no identifiable cause for the PE and the lipid profile was normal. The tests for ACLA and connective tissue disease profile were negative and polycythemia (hemoglobin \>17 gm/dL) was seen in 22 (41.5%) patients at presentation, which was normalized at 3 months.Fig. 2Hereditary thrombophilic conditions in patients with PE.Fig. 2Table 1Clinical features of patients with PE.Table 1SymptomsNumberPercentageDyspnea4279.2Palpitations3667.9Chest pain1426.4Cough815Hemoptysis611.3Syncope11.8  SignsTachycardia3667.9Tachypnea3566Hypotension23.7Cyanosis23.7Hypoxemia23.7  ECG findingsSinus tachycardia4177.3Non-specific T inversion2954.7RV overload916.9S1Q3T335.6Table 2Coagulation and biochemical profile of patients.Table 2ParameterUnitsMean (SD)RangeNormal ValueHemoglobin[a](#tblfn0005){ref-type="table-fn"}gm/dL17.4 (1.9)15.4--18.814--16Platelet countper mm^3^2.3 (2.1)1.8--5.41.5--4 × 10^6^Bleeding timesec1.3 (0.2)1--1.81--2Clotting timesec5.1 (0.6)4.4--7.74--8Prothrombin timesec11.2 (1.1)10--1310--14aPTTsec24.1 (2.6)22--3620--35Protein C%106 (12.2)34--14488--150Protein S%112.4 (18.6)45--15089--150APC resistance rationumber2.4 (0.2)0.5--2.9\>2Antithrombin III activity%145.7 (12.8)55--216120--280  Biochemical parametersHomocysteineμmol/L12.1 (2.7)6--324--15Total cholesterolmg/dL122.7 (27.9)102--246100--200LDL − cholesterolmg/dL116.4 (21.5)78--188100--160HDL − cholesterolmg/dL45.5 (3.9)34--5840--60Triglyceridesmg/dL132.6 (12.4)102--196\<150[^1]

4. Discussion {#sec0020}
=============

Our study has shown that heritable thrombophilic conditions have limited role in the etiology of PE in young soldiers. They contribute to only 17% of the disease burden, whereas idiopathic PE was seen in 83% of the patients as shown in [Fig. 1](#fig0005){ref-type="fig"}. A study from a neighboring country involving similar patients and climatic conditions also showed the same finding.[@bib0045] Previous research showed that hereditary thrombophilia is seen in 30% of patients with PE.[@bib0050] However, our study involved patients at HAA thereby explaining the low prevalence of genetic conditions. The most common genetic risk factor for venous thrombosis has been traditionally associated with factor V Leiden mutation and G20210A mutation in the prothrombin gene. The clinical features of the patients and D-dimer positivity showed similar trends with that of the landmark studies on the subject.[@bib0055], [@bib0060] Pleural effusion was the commonest radiological abnormality in our study, whereas cardiomegaly was the commonest finding in the International Cooperative Pulmonary Embolism Registry (ICOPER) study.[@bib0060] This could be explained due to the differences in the nativity of the patients and pleural effusion was the 2nd common observation even in the ICOPER study.

Stressful situations lead to elevation of D-dimer and sympathetic activity, which could have contributed towards PE in our patients.[@bib0065] The soldiers posted at HAA are trained periodically to combat stress though various mechanisms. Decreased fruit intake and vegetables may also contribute to an increased incidence of thrombosis.[@bib0070] However the ration scales provided for the troops take care of these anomalies, but they may not have access to fresh fruits and vegetables. The tactical situation may demand prolonged immobility and dehydration, which may trigger thrombus formation in HAA.[@bib0075] The initial hypercoagulable state in HAA is due to the transient increase in platelet count, heightened factor X and XII activity, shortening of prothrombin time, impaired clot retraction and platelet dysfunction.[@bib0030] The process of acclimatization occurs within few weeks associated with an increase in the hematocrit and decrease in clotting factor levels towards normal. The strengths of our study include the robust diagnostic evaluation of all the patients and the limitations include small sample size, lack of information regarding the dehydration. Another limitation is the study population being entirely of male sex, the findings may not be applicable to the female population.

To conclude, hereditary thrombophilic conditions have a limited contribution in the etiology of the PE at HAA. Further studies at HAA involving large number of patients would confirm the findings observed in our study.
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